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AMINO ACID AND ENERGY INTERRELATIONSHIPS 
IN PIGS WEIGHING 20 TO 50 KILOGRAMS: 
1. RATE AND EFFICIENCY OF WEIGHT GAIN112 
L. 1. Chiba3, A. J. Lewis4 and E. R. Peo, Jr. 
University of Nebraskas, Lincoln 68583-0908 
ABSTRACT 
The relationships between dietary amino acids and DE for pigs weighing 20 to 50 kg 
were investigated in two experiments. In Fzp. 1, there were three dietary lysine levels that 
were either adjusted (1.50, 2.35 and 3.20 g/Mcal DE) for five DE levels (3.00 to 4.00 
Mcal/kg) or unadjusted (-45, .71 and .%% of the diet) for three DE levels (3.50 to 4.00 
Mcal/kg). In Exp. 2, the effects of six 1ysine:DE ratios (1.90 to 3.90 g/Mcal) at two DE 
levels (3.25 and 3.75 Mcavkg) were investigated. In both experiments, diets were 
formulated using a constant ratio of com and soybean meal. Pigs (equal numbers of 
barrows and gilts) were housed and fed individually and had ad libitum access to feed and 
water. Digestible energy intake was not affected by energy content of the diets. In Exp. 1, 
lysine intake did not differ with DE in the adjusted diets but decreased (P c .001) as DE 
increased in the unadjusted diets. Weight gain was relatively consistent and gain:DE intake 
increased (P < .W1) as DE increased in the adjusted diets, but both decreased (P  c .005) 
with increasing DE in the unadjusted diets. Both criteria increased (P  < .001) in response to 
higher 1ysine:DE in the adjusted and lysine in the unadjusted diets. In Exp. 2, weight gain 
increased (P  < .005), but there was no effect (P  > .05) on gakDE intake as DE increased. 
Both weight gain and gain:DE intake increased (P  < .001) and backfat decreased (P  c .01) 
as 1ysine:DE ratios increased. The results demonstrate the need to increase dietary amino 
acid levels in concert with increases in energy contents. Regression analyses indicated that 
weight gain and gain:DE intake for 20- to 50-kg pigs were maximized at approximately 3.0 
g lysine/Mcal DE (or 49 g of balanced protein/Mcal DE). 
Key Words: Pigs, Lysine, Digestible Energy, Growth 
J. Anim. Sci. 1991. 69696707 
Introduction 
Feed intake of pigs is a primary determinant 
of the amounts of amino acids consumed. 
Voluntary feed intake of growing pigs given 
ad libitum access to feed is affected by the DE 
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content of the diet. Thus, it seems logical that 
the amino acid levels of a diet should be 
related to its DE concentration. However, 
investigations of the need to adjust amino 
acids (or protein) according to changes in DE 
have yielded conflicting results (Clawson et 
al., 1%2; Greeley et al., 1964a,b; Nee and 
Hines, 1972; Tribble et al., 1979; Prince, 
1987). 
There are numerous possibilities for the 
inconsistent responses. Factors that may have 
influenced the results include age of pigs, type 
and levels of lipids fed (Aheme et al., 1982), 
intake of other nutrients ( N e e  et al., 1971), a 
protein sparing effect of energy (Fuller and 
Crofts, 1977), changes in protein digestibility 
(Tribble et al., 1979; Keaschall et al., 1983) 
and a suppressing effect of lipids on the rate of 
694  
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lipogenesis (O'Hea et al., 1970; AUee et al., 
1971). Furthermore, variations in the quantity 
(Moser, 1977) and quality (Cole, 1979; ARC, 
1981) of protein and changes in body composi- 
tion may have contributed to the inconsisten- 
cies observed. 
The research described herein was designed 
1) to verify the need to adjust dietary amino 
acids according to DE content and 2) to 
determine the optimum proportion of lysine to 
DE for pigs weighing 20 to 50 kg. 
Experlmental Procedures 
Experiment 1 
Animals and Facilities. The experiment 
consisted of three trials, each with 48 (24 gilts 
and 24 barrows) crossbred (Large White x 
Landrace x Duroc x Hampshire) pigs. Twenty- 
four diets were assigned at random within sex 
to pigs weighing 21.6, 20.5 and 20.8 kg (9 to 
10 wk of age) in Trials 1, 2 and 3, 
respectively. Pigs were penned individually in 
a room with continuous fluorescent lighting. 
Floors of each pen (1.35 m2) were partially 
slotted. The room temperature was 21°C and 
the average relative humidity was 48%. The 
pigs had ad libitum access to feed and water. 
Pig weights and feed consumptions were 
recorded weekly. When the pigs weighed 
approximately 50 kg (4th to 11th wk of the 
trial), backfat thickness was measured with an 
ultrasonic instrument6 4 to 5 cm from the 
midline on the right side at the third rib, last 
rib and last lumbar vertebra. Pigs then were 
fasted overnight, and blood samples were 
collected via ear vein catheter for plasma urea 
analysis (Chiba et al., 1990). 
Diets. The arrangement of dietary treat- 
ments, in which lysine and other amino acids 
were either adjusted or unadjusted for differ- 
ences in DE concentration, is presented in 
Table 1. Three lysine levels (low, medium and 
high) were included. The lysine levels were 
formulated to be below and above the average 
requirements of pigs weighing 20 to 35 kg and 
b M e a t e r ,  Renco Corp., Minneapolis, MN. 
7 ~ m  htnunent CO., ~ o l i n c ,  E. 
&recator, Hoganas, Sweden. 
%atas, ~ilford, MA. 
'Opickexing Laboratories, ~nc., ~ ~ a n t a i n  view, CA. 
"Varian Techmn Pty. Ltd., Springvale, Australia. 
35 to 60 kg (NRC, 1979). Levels of DE were 
from 3.00 to 4.00 Mcal/kg. In the adjusted 
diets, lysine and CP concentrations increased 
as DE increased, whereas lysine and CP 
concentrations were held constant in the 
unadjusted diets. 
To maintain constant proportions among 
amino acids, a mixture of 45.5% corn and 
54.5% soybean meal (basal mix) was used to 
formulate all diets. The protein and amino acid 
composition of the basal mix and its amino 
acid balance compared to lysine is presented in 
Table 2. Dietary differences in lysine and DE 
were achieved by adjusting the proportions of 
the basal mix, tallow, corn starch and sand 
(Table 3). A fundamental assumption of our 
design was that lysine was the first-limiting 
amino acid in all diets. Minerals and vitamins 
were provided in amounts calculated to meet 
or exceed the NRC (1979) requirements. 
Chemical Analyses. Corn, soybean meal and 
feed samples were analyzed for GE, CP and 
amino acids. Gross energy was determined 
using an adiabatic bomb calorimeter7. Crude 
protein (N x 6.25) was determined with a 
Kjeltec apparatus* using procedures described 
by AOAC (1984). Amino acids were analyzed 
by ion exchange HPLC using an amino acid 
analyzerg with a cation exchange resin1* and 
gradient elution using Li buffers'O. Amino 
acids were reacted with o-phthalaldehyde post- 
column and the derivatives were measured 
fluorometridy. Feed samples also were ana- 
Iyzed for DM, Ca and P according to the 
methods of AOAC (1984). 
Apparent Digestibility Determination. En- 
ergy and protein digestibilities of the diets 
were determined by an indicator method 
(Lindahl, 1959). During the 4th wk of each 
trial, fecal samples were collected by rectal 
stimulation of each pig once daily for three 
consecutive days and stored at -2O'C. Pigs had 
consumed diets containing Cr2O3 (25%) for 2 
4 d before collection. Samples from each pig 
for the 3-d collection were thawed, pooled and 
freeze-dried. Feed and fecal samples were! 
ground and analyzed for DM, GE and CP, as 
described previously. After dry-ashing, Cr 
concentration was determined by atomic ab- 
sorption spectroscopy11 using a reducing air- 
acetylene flame. 
Statistical Analysis. Initially, each trial was 
analyzed independently, and then each re- 
sponse criterion was tested for homogeneity of 
variance (Pearson and Hadey, 1956). For 
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clarity of presentation, adjusted and unadjusted 
1ysine:DE data were analyzed separately. Thus, 
within adjusted and unadjusted data there were 
three trials, with two pigs per treatment 
represented in each trial. Diets containing 3.0 
Mcal DE/kg were included in both the adjusted 
and unadjusted data sets (3 x 5 and 3 x 4 
factorial arrangements, respectively, in a ran- 
domized complete block design). Data were 
subjected to statistical analysis as repeated 
experiments (Cochran and Cox, 1957) using 
the GI@ procedure of SAS (1985). The main 
and interaction effects of dietary treatments 
were tested using treatments x trial as the error 
term @e., 16 df for adjusted data and 12 df for 
unadjusted data). Orthogonal polynomials 
(linear, quadratic and cubic components) were 
used to evaluate the effects of dietary treat- 
ments. 
ET AL. 
Experiment 2 
This experiment consisted of two trials with 
diets containing six 1ysine:DE ratios (1.90 to 
3.90 g/Mcal) and two DE concentrations (3.25 
and 3.75 Mcal/kg) in a 6 x 2 factorial 
arrangement (Table 4). Lysine and CP were 
adjusted for DE in all diets. Diets were 
formulated using the same basal mix as in 
Exp. 1. The protein and amino acid composi- 
tion of the basal mix and the composition of 
diets are presented in Tables 2 and 3, 
respectively. 
The 12 diets were assigned at random 
within sex to 24 gilts and 24 barrows, 
averaging 21.9 and 21.0 kg in Trials 1 and 2, 
respectively. Other details of the experiment 
were similar to those described for Exp. 1, 
except blood samples were not collected and 
the average relative humidity of the room was 
57%. Data were analyzed statistically as a 
TABLE 1. DIETARY ARRANGEMENTS @XI'. l)ab 
Concentration 
Lysiue:DE, cp:DE, DE, Lysine, cp, 
Item BlMcal g/Mcal McavLg % % 
Adjusted diets 
Low lysine 
Medium lysine 
High lysine 
Unadjusted diets 
Low lysine 
Medium lysine 
High lysine 
1.50 
2.35 
3.20 
1.29 
1.20 
1.12 
2.01 
1.88 
1.76 
2.74 
256 
2.40 
24.6 
38.6 
52.5 
21.1 
19.7 
18.5 
33.0 
30.8 
28.9 
45 .O 
42.0 
39.4 
3.00 
3.25 
3.50 
3.75 
4.00 
3.00 
3.25 
3.50 
3.75 
4.00 
3.00 
3.25 
3.50 
3.75 
4.00 
3.50 
3.75 
4.00 
3.50 
3.75 
4.00 
3.50 
3.75 
4.00 
.45 
.49 
.53 
56 
.60 
.71 
.76 
.82 
.88 
.94 
.% 
1.04 
1.12 
1.20 
1.28 
.45 
.45 
.45 
.71 
.71 
.71 
.% 
.% 
.% 
7.38 
8.00 
8.6 1 
9.23 
9.84 
11.56 
12.53 
13.49 
14.45 
15.42 
15.75 
17.06 
18.37 
19.68 
21 .00 
7.38 
7.38 
7.38 
11.56 
11.56 
11.56 
15.75 
15.75 
15.75 
BThe amounts of tallow were 0. 5. 10 and 15% for the diets that contained 3.00 and 3.25, 3.50, 3.75 and 4.00 Mcal 
b e t s  were formulated based on the composition of feed ingredients reported by Diggs et al. (1%5), NRC (1971, 
DE/kg, respectively. 
1979, 1982) and Ewan (1983).  
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TABLE 2. PROTEIN AND AMINO ACID CONTENT OF THE BASAL MIX 
AND AMINO ACID BALANCE RELATIVE! TO LYSINE (ew. 1 AND 2)' 
CalClJlatd Exp. 1 Exp. 2 
Item 96 Balanced % Balance % Balance 
~~~ ___ ~ 
CP 28.00 27.41 26.47 
Amino acid 
Lysine 1.71 100 1.68 100 1.62 100 
' Methionine + cystine .95 55 
Threonine 1.16 68 1.11 66 1.06 65 
Tryptophan .36 21 
Isoleucine 1.49 87 1.19 71 1.14 71 
LeUcine  2.41 141 2.3 1 138 2.12 131 
Histidine .75 44 .75 45 .7 1 44 
Phenylalanine + tyrosine 2.42 142 2.27 136 2.17 134 
Valine 1.44 84 1.29 77 1.30 80 
Arginine 2.03 119 2.03 121 1.75 108 
- - - - 
- - - - 
9asal  mix: consisted of 45.5% corn and 54.5% soybean meal (44% CP) and was used to formulate all experimental 
bCorn and soybean meal samples were analyzed separately, and the composition of the basal mix was calculated for 
reported for Ekp. 1; the same batches of corn and soybean meal were used 
'Values reported me based on amiao acid composition of corn and soybean meal reported by the NRC (1979). 
dAmino acid content relative to lysine (%). 
diets. 
both experiments. Means of the three trials 
for the two trials in Exp. 2. 
generalized randomized block design (Addel- 
man, 1969). 
Regression Analyses 
For both experiments, regressions were 
developed to describe the relationships be- 
tween weight gain and DE concentration 
and(or) 1ysine:DE ratio. Similarly, regressions 
of the efficiencies of DE and lysine utilization 
on DE concentration and(or) 1ysine:DE ratio 
also were developed. In Exp. 2, however, a 
complete quadratic regression analysis, involv- 
ing both DE concentration and 1ysine:DE ratio, 
was not possible because only two levels of 
DE were fed. Regressions were developed 
within each experiment and sex, and the 
homogeneity of regression coefficients for the 
independent variables were tested using experi- 
ment and sex as class variables. 
Results and Dlscusslon 
Experiment I 
General. Analyses for homogeneity indi- 
cated that the variances of response criteria 
among the three trials were homogeneous (P > 
.OS) in both the adjusted and unadjusted data 
sets except for lysine intake in the unadjusted 
data (P > .01). Although there were dietary 
treatment x trial interactions for some response 
criteria in both the adjusted and unadjusted 
data sets, the interactions were, in general, 
caused by changes in the magnitude of 
differences and not by changes in the order or 
ranking. Therefore, data from the three trials 
were combined and will be discussed together 
unless indicated otherwise. 
Chemical analyses of the basal mix and 
diets (Tables 2 and 3) indicated that amino 
acid and CP contents were similar to the 
calculated values. Calculated values were used 
in the statistical analyses and presentation of 
data. 
Feed, Digestible Energy and Lysine Intakes. 
As expected, feed intake decreased linearly (P 
< .001) as DE increased in the adjusted diets 
(Table 5). but DE intake was unaffected (P > 
.05). In the data obtained from pigs fed the 
unadjusted diets (Table 6) there were DE x 
trial interactions (P < .05). but the general 
response was similar to that observed with pigs 
fed the adjusted diets. These results are in 
agreement with the concept that pigs adjust 
their voluntary feed intake to achieve a 
constant energy intake (Cole et al., 1%7; 
NRC, 1987).  
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In general, pigs fed the adjusted diets 
consumed slightly less feed and DE as lysine: 
DE ratios increased. There was a 1ysine:DE x 
trial interaction (P < .05) for both feed and DE 
intake that seemed to be caused by the high 
feed intake of one pig fed the diet containing 
1.50 g lysine/Mcal and 3.00 Mcaljkg in Trial 
3. In Trials 1 and 2, there was no clear pattern 
of DE intake, but it decreased as 1ysine:DE 
ratios increased in Trial 3. For the unadjusted 
diets, there was no effect (P > .05) of lysine 
concentration on feed or DE intake. 
The intake of lysine (and other amino acids) 
was not affected (P > .OS) by the energy 
content in the adjusted diets. However, when 
amino acid contents were not adjusted, pigs 
consumed progressively less lysine (linear, P < 
-001) as DE increased from 3.00 to 4.00 Mal/  
ET AL. 
TABLE 3. COMF'OSITION OF DIETS 
Ranges of dietary composition 
Item &D. 1 EXD. 2 
Ingredients, % 
Basalmixa 26.35 to 75.00 36.18 to85.68 
Tallow 0 to15.00 2.00 to10.00 
Corn starch 1.42 to57.24 .19 to50.35 
Sand 2 8  to 12.10 1.24 to 7.82 
Dicalciumphosphate 156 to 2.83 1.28 to 2.57 
Limestone 2 2  to .74 .33 to .86 
Dextrose 5.00 - 
Salt .50 S O  
Trace m i n d  mixb .IO .IO 
Vitamin premix' .IO .10 
Selenium premixd .05 .05 
Chromic oxide' .25 25 
Ca .75 .75 
P .65 .65 
GE, McaVkg 3.18 to 4.50 3.50 to 4.40 
CP, w 7.33 to20.50 9.83 to22.91 
Lysine, % .46 to 1.33 - 
Ca, % .69 to .77 .71 to .77 
P, 9% .61 to .64 .60 to .65 
Calculated analysis, % 
chemicalanalysis 
*45.46% corn and 54.54% soybean m d  (44% CP). 
bprovided the following (mg/kg of complete diet): Zn, 
'Provided the following per kilogram of complete diet: 
Tu, menadione sodium bisulfite, 1.1 mg, riboflavin, 2.8 
mg; d-pantothenic acid, 9.9 mg; niacin, 16.5 mg; choline 
chloride, 275 mg, vitamin BIZ. 8.3 ethoxyquin, 2.2 
mg. 
dProvided .10 mg Se per kilogram of complete diet. 
%eluded in the diets during the fecal CoUection per- 
iod; replaced with sand during the remainder of the expd- 
ment. 
75; Fe, 87.5; Mn, 30, Cu, 8.75; I. .75. 
vi- A, 2,755 N; vitamin D3, 275 N; vi- E, 11 
kg. Lysine intake increased linearly (P  < .001) 
with increases in 1ysine:DE ratio (adjusted) 
and lysine concentration (unadjusted). 
Growth Performance. The patterns of DE 
and lysine intakes were reflected in the 
performance of the pigs. Weight gain of pigs 
was independent (P > .05) of DE in the 
adjusted diets, but it decreased linearly (P < 
.01) with increases in DE in the unadjusted 
diets. Weight gain increased as lysine content 
of the diets increased in both the adjusted 
(linear, P < .001; quadratic, P < .01) and 
unadjusted (linear, P < .001; quadratic, P < 
.05) diets. 
Gain:feed increased with increases in both 
DE (linear, P < .001) and 1ysine:DE ratio 
(linear, P < .001; quadratic, P < .01) in the 
adjusted diets. For the unadjusted diets, DE 
had little effect on gain:feed at .45% lysine, 
but at the higher lysine concentrations gain: 
feed increased in response to increased DE 
(linear x linear, P < .01; linear x quadratic, P < 
.05). 
The effect of DE on the efficiencies of DE 
and lysine utilization (gain:DE intake and gain: 
lysine intake) is obscure because of DE x trial 
interactions (P < .05). For the adjusted diets, 
DE had no effect (P > .05) on gain:DE intake 
or gain:lysine intake in Trials 1 and 2, whereas 
these criteria increased (P  < .001) in response 
to increased DE in Trial 3. In contrast, gain: 
DE intake decreased as DE increased in Trials 
1 and 2 (P = .09 and .05, respectively) in the 
unadjusted diets, but this was not observed in 
Trial 3. The combined results indicated that 
gahDE intake increased slightly in response 
to increased DE in the adjusted diets but 
decreased linearly as DE increased when lysine 
concentrations were not adjusted. Gaklysine 
intake increased linearly (P  < .001) with 
increases in DE in the unadjusted diets. 
GahDE intake increased curvilinearly 
(linear, P < .001; quadratic, P < .01) with 
increases in lysine content in both the adjusted 
and unadjusted diets. On the other hand, as 
would be expected, gaixlysine intake 
decreased as 1ysine:DE ratios and lysine 
concentrations (linear, P < .001) increased. 
Our results demonstrate the need to adjust 
amino acids according to changes in energy 
content of the diets. Without such adjustment, 
the rate and efficiency of energy usage for 
weight gain are likely to decline. Allee and 
Hines (1972) reported similar findings with 
growing pigs.  
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T A B U  4. DIETARY ARRANGEMENTS (EXF’. 2)& 
Lysine:DE, CPDE, 
aRvrCal mcd 
1.90 31.2 3.25 .62 10.13 
3.75 .7 1 11.69 
2.50 41.0 3.25 .8 1 13.33 
3.75 .94 15.38 
3.00 49.2 3.25 9 8  15.99 
3.75 1.13 18.45 
3.40 55.8 3.25 1.11 18.13 
3.75 1.28 20.9 1 
3.70 60.7 3.25 1.20 19.73 
3.75 1.39 22.76 
3.90 64.0 3.25 1.27 20.79 
3.75 1.46 23.99 
?l’he amounts of tallow were 2 and 10% for the diets that contained 3.25 and 3.75 Mcal DEkg, respectively. 
biets were formulated based on the composition of feed %dents reported by D i m  et al. (1%5), NRC (1971, 
1979, 1982) and Ewan (1983). 
Our conclusion is in contrast to that of 
Wagner et al. (1%3), Mitchell et al. (1965) 
and Cooke et al. (1972b), who reported that 
the effects of amino acids and energy were 
independent of each other. The use of only two 
levels of energy (Wagner et al., 1963; Mitchell 
et al., 1965) and a relatively high minium 
lysine level coupled with limit feeding (.88%; 
Cooke et al., 1972b) may have contributed to 
this apparent contradiction. The results of our 
research indicate that the need to adjust amino 
acids according to changes in DE may depend 
on the levels of amino acids in the basal diet; 
adjustment is less important when amino acid 
levels are high. This contention agrees with the 
suggestion of Moser (1977) and may have 
been one of the factors contributing to the 
inconsistent responses observed in previous 
research. 
Plasma Urea and Bacyat. Changes in gain: 
lysine intake were reflected in plasma urea 
concentrations. When the efficiency of lysine 
utilization increased in response to increases in 
DE, plasma urea decreased in both the adjusted 
(linear, P < .MI) and unadjusted (linear, P e 
.001; quadratic, P < .05) diets. Plasma urea 
increased (linear, P < .001), however, as 
1ysine:DE ratios increased in the adjusted diets. 
For the unadjusted diets, plasma urea increased 
as lysine concentration of the diets increased in 
Trials 1 (P = .lo) and 3 (P < .Ol), but there 
was little change (P = .73) in Trial 2 (lysine x 
trial, P < .OS). 
Backfat thickness of pigs increased as DE 
increased in both the adjusted (linear, P < 
.M1) and unadjusted diets (linear, P < .01;  
cubic, P < .05) and decreased linearly (P < 
.001) as lysine content of the diets increased. 
However, the effect of DE seemed to become 
increasingly diminutive as lysine content of the 
diets increased (linear x linear, P = .09 and .06 
for the adjusted and unadjusted diets, respec- 
tively). 
Digestibility. Apparent energy digestibility 
of the diets was not affected (P > .05) by DE 
in the adjusted diets (Table 7). Similarly, in 
Trials 1 and 2, DE had no effect (P > .05) on 
energy digestibility in the unadjusted diets. 
However, the low digestibility of the diet 
containing 3.50 McaVkg and .45% lysine in 
Trial 3 apparently caused a DE x trial 
interaction (P < .01) in the unadjusted diets. 
Apparent protein digestibility increased (P e 
.001) in response to the increases in DE in the 
adjusted diets, but it was unaffected (P > .05) 
in the unadjusted diets. 
In Trials 1 and 2, apparent energy digesti- 
bility decreased as lysine concentration of the 
diets increased in both the adjusted (P < .01) 
and unadjusted diets (P < .05) but increased (P 
e .001 and P e .01 for the adjusted and 
unadjusted diets, respectively) in Trial 3.  
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These changes resulted in lysine levels x trial 
interactions (P  < .001). Apparent protein 
digestibility increased as 1ysine:DE ratios 
(linear, P < .001) and lysine concentration 
(linear, P < .01) increased. 
Adequate daily intakes of amino acids and 
energy are essential for optimum pig perform- 
ance, and it may be unimportant whether those 
intakes are achieved by consumption of a 
concentrated or a diluted feed. If the combina- 
tion of amino acids and energy that allows pigs 
to consume an optimum balance of nutrients 
can be established, then pigs would be 
expected to perform consistently regardless of 
the energy density of the diets, at least within 
certain limits. In the present research, pigs fed 
diets in which the levels of lysine and balanced 
protein were adjusted consumed relatively 
constant amounts of DE and lysine per day 
regardless of dietary energy concentrations. 
This response resulted in relatively consistent 
performance. Australian authors (SCA, 1987) 
have pointed out that the use of a constant 
amino acid to DE ratio is valid only if the 
relationship between energy intake and protein 
deposition is linear. There is evidence that the 
TABLE 5. EFFECT OF VARIOUS LYSINE TO DIGESlTBLE ENERGY RATIOS 
AND DIGESTIBLE ENERGY LEVELS ON PERFORMANCE, PLASMA UREA 
AND BACKFAT THICKNESS IN PIGS WEIGHING 20 TO 50 KILOGRAMS 
(EXF'. 1: 
Lys:DE, DE, 
1.50 3.00 
3 z e  
3.50 
3.75 
4.00 
2.35 3.00 
3.25 
3.50 
3.75 
4.00 
3.20 3.00 
3.25 
3.50 
3.75 
4.00 
g/Mcal Mcavlcg 
Lys:DE 
Lin 
Quad 
Lin 
Cub 
DE 
Lys:DE x DE 
Lys:DE x hial 
DE x trial 
cv, % 
m, DEI, LysI, WG, WGDEI, WGLysI, PU, BF, 
IJd W d  s/d g/d WGPI g/Mcal B/s mg/d - 
2,411 7.232 10.90 648 .274 91.3 60.9 18.1 14.9 
2,168 7.053 10.64 620 .285 87.8 58.7 11.3 15.7 
1,909 6.668 9.86 643 .340 97.4 64.8 13.9 17.4 
1,697 6.365 9.54 670 .394 104.9 70.0 12.2 19.5 
1,557 6.227 9.34 652 .414 103.5 69.0 12.0 18.6 
2,135 6.408 15.07 744 .350 116.5 49.4 23.3 13.8 
2,077 6.734 15.90 791 .384 118.1 50.2 22.3 14.5 
1,917 6.708 15.77 821 .428 122.0 51.9 19.9 15.2 
1,688 6.319 14.78 783 .466 124.4 52.8 17.1 15.7 
1.684 6.719 15.69 857 .513 127.9 54.7 16.6 17.9 
2,107 6.364 20.04 866 .413 137.6 43.2 29.0 12.9 
1,856 6.017 19.43 819 .440 135.4 42.4 27.1 12.6 
1,790 6.258 20.29 849 .472 134.8 42.1 26.9 14.4 
1,708 6.411 20.63 902 526 140.5 43.7 25.7 15.2 
1,499 5.987 19.06 838 ,561 140.1 43.7 25.4 14.7 
P-valuesf 
.010 .013 ,001 ,001 .001 .001 .001 .001 ,001 
- - - .m .m .m .013 - - 
'Lys:DE = lysine to digestible energy ratio, FI = feed intake, DEI = digestible energy intake, LysI = lysine intake, 
WG = weight gain. PU = plasna urea and BF = backfat thickness. 
b g e s  of intial weight were 19.9 to 21.7,20.5 to 21.1 and 20.6 to 21.4 kg for 1.50, 2.35 and 3.20 g Lys/Md DE, 
respectively; ranges of f d  weight were 49.2 to 51.3, 48.8 to 51.0 and 49.0 to 51.0 kg for 1.50, 2.35 and 3.20 g Lys/ 
Mcal DE, respectively. 
'Both initial and f d  weights were included in the model as covariates. 
dEach mean represents six individually fed pigs. 
eone pig died from an unlroown cause in Trial 2. 
fP-values I; .05 are reported; Lin = linear, Quad = quadratic and Cub = cubic. 
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relationship is linear for growing pigs (Close 
and Mount, 1976; Campbell et al., 1983, 
1985). These reports and the results of our 
experiment (Table 5 )  indicate that expressing 
the amino acid concentration in terms of grams 
of amino acid per megacalorie of DE is 
appropriate for growing pigs. 
The results of Exp. 1 indicated that pigs 
responded up to the highest 1ysine:DE ratio fed 
(3.20 meal). Therefore, the effects of higher 
1ysine:DE ratios on pig performance were 
investigated in the second experiment. 
Experiment 2 
As in Exp. 1, the variances of response 
criteria for the two trials were homogeneous (P 
> .05) except for the energy digestibility. 
Therefore, data from the two trials (except 
energy digestibility) were combined. Energy 
digestibility data are presented and discussed 
for each trial separately. Chemical analyses 
indicated that the amino acid and CP contents 
of the basal mix (Table 2) were similar to, but 
slightly lower than, those in Exp. 1. 
Pigs fed diets containing 3.75 Mcal D W g  
consumed less feed (P < .001) than those fed 
diets containing 3.25 Mcal DWg, but energy 
content of the diets had no effect (P > .OS) on 
either DE or lysine intake (Table 8). Although 
there were 1ysine:DE x DE interactions (P < 
.05), lysine concentration seemed to have no 
clear effect on either feed or DE intake. Lysine 
intake, on the other hand, increased linearly as 
TABLE 6. EFFECT OF VARIOUS LYSINE TO DIGESTIBLE m G Y  LEVELS 
ON PERPORUANCE, PLASMA UREA AND BACKFAT THICMESS IN PIGS 
WEIGHING 20 TO 50 KILOGRAMS (Exp. 1: 
Least sqnarcs meansd 
Lys, DE, PI, DEI, L Y ~ ,  WG, WG:DEI, WG:Lysl, PU, BF, 
% McaVLB g/d M W d  g/d gld WGFI g/Md g/g mg/a - 
.45 3.00 2,402 7.200 10.80 645 .275 91.6 61.3 18.3 14.7 
3.50 1,765 6.184 8.M 531 .300 85.8 66.6 11.4 17.6 
3.75 1,761 6.606 7.86 562 .320 85.3 71.2 12.3 18.6 
4.00 1,565 6.188 7.35 494 .316 78.8 70.5 15.0 20.7 
.71 3.00 2,120 6.356 14.95 739 .350 116.7 49.6 23.3 13.7 
3.50 1,943 6.805 13.70 762 .393 112.5 55.6 18.6 17.5 
3.75 1,760 6.614 12.42 735 .417 111.1 59.3 14.0 16.2 
.% 3.00 2,083 6.271 19.87 853 .413 137.5 43.0 29.3 12.6 
3.50 1,871 6.550 17.89 801 A29 122.4 44.6 20.4 14.5 
3.75 1,646 6.183 15.97 822 .495 131.9 51.9 21.4 14.3 
4.00 1,541 6.192 14.95 814 .521 130.4 54.4 17.0 16.0 
4.00 1,565 6.286 11.05 696 .440 110.2 62.0 15.9 18.1 
P-vdueS 
- - .001 .001 .001 .001 .001 .001 .001 
- - - .023 .010 .011 - - - 
Lys 
Lin 
Quad 
Lin .001 - .001 .005 .001 .001 .001 .001 .001 
- - - - - - .048 Quad Cub 
DE 
- - - - - - - .016 - 
- - 
- - - - Lys x DE - - - - .017 
- - - - - - - .046 - Lys x trial 
DE x trial .013 .009 - - - .048 
cv, A 10.21 10.26 10.52 12.74 6.97 6.83 8.97 30.11 10.34 
%ys = lysine, FI = feed intake, DEI = digestible energy intake, LysI = lysine intake, WG = weight gain, PU = plasma 
urea and BF = backfat thickness. 
b g e s  of initial weight were 19.9 to 21.6.20.6 to 21.8 and 20.6 to 22.0 kg for .45, .71 and .%% Lys, respectively. 
ranges of final weight were 47.7 to 49.5, 49.5 to 50.5 and 49.0 to 50.4 kg for .45, .71 and .%% Lys, respectively. 
'Both initial and f M  weights were included in the model as covariates. 
dSix individually fed pigddiet. 
%values S .05 are reported; Lin = linear, Quad = quadratic and Cub = cubic. 
- - -  
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1ysine:DE ratio increased from 1.90 to 3.90 g/ 
Mcal. 
Pigs fed the diets containing 3.75 Mcal DE/ 
kg gained faster (P < .01) than those fed the 
diets containing 3.25 Mcal DE/kg. However, 
there was a tendency (P = .W) for increased 
backfat thickness in pigs fed the diets high in 
energy; thus, the increased weight gain may 
have been achieved by an increased rate of fat 
deposition. As 1ysine:DE ratio increased, 
weight gain increased curvilinearly (P < .001); 
a maximum was attained at 3.40 g/Mcal. 
However, the pigs' response was small when 
the 1ysine:DE ratio increased from 3.00 to 3.40 
g/MCal. 
Gain:feed ratio was increased (P < .001) 
when DE was increased from 3.25 to 3.75 
Mcal D m g .  There was, however, no effect (P 
> .05) of DE on either gain.DE intake or gain: 
lysine intake. Both gain:feed and gain:DE 
intake increased up to 3.00 g lysine/Mcal DE, 
but there was little or no response with further 
increases in 1ysine:DE ratio (linear, P < .001; 
quadratic, P < .01). Similarly, although the 
o v e d  response was hear  (P < .Ol),  backfat 
was reduced only slightly when 1ysine:DE 
ratios were increased above 3.00 g/Mcal. The 
efficiency of lysine utilization decreased con- 
sistently (linear, P < .01) with increases in 
1ysine:DE ratios. Overall, the results indicate 
TABLE 7. JPFECT OF VARIOUS LYSINE TO DIGESTIBLE ENERGY RATIOS 
AND LYSINE AND DIGESTIBLE ENERGY LEVELS ON APPARENT DIGESTIBLE ENERGY 
AND PROTEIN COBPPICIENTS IN PIGS WEIGHING 20 To 50 KILOGRAMS 
(Em. 1: ADJUSTED AND UNADJUSTED)* 
Coef€icient Lys:DE. DE, Lysine. DE, 
r n c d  wavks ADE ADP % ADE ADP 
Coefficient 
1.50 
2.35 
3.20 
Lys:DE or Lys 
L h  
Quad 
Quad 
Lys:DE or Lys 
Xeia l  
DE x trial 
cv. % 
DE 
L h  
3.00 
3.25d 
3.50 
3.75 
4.00 
3 .00 
3.25 
3.50 
3.75 
4.00 
3.00 
3.25 
3.50 
3.75 
4.00 
339 
352 
,823 
358 
325 
A50 
.a44 
.E38 
331 
.E32 
.8 14 
336 
320 
318 
.8 10 
.689 
.661 
.a7 
.735 
.745 
.722 
.742 
.742 
.763 
.790 
.733 
.764 
.769 
.765 
.793 
.45 3.00 
3.50 
3.75 
4.00 
.71 3.00 
3.50 
3.75 
4.00 
.% 3 .oo 
3.50 
3.75 
4.00 
- 
- 
- 
.E38 
.78 1 
319 
.a42 
350 
334 
328 
329 
.E15 
307 
,806 
329 
- 
- 
- 
.690 
.632 
.663 
.655 
.722 
.717 
.735 
.738 
.734 
.723 
.75 1 
.778 
- 
- 
- 
- .004 
.032 - 
.001 - 
.003 - 
2.82 4.91 3.33 6.40 
%p:DE = lpiw to digestible a m g y  ratio. ADE = apparent digestible energy and ADP = a p p m t  digestible pmtcin. 
bLeast squares means for six individually fed pigs/diet. 
Weight of pigs at the week of fecal sample collection was included in the model as covariate (ranges: 26.6 to 44.4 
and 22.5 to 44.6 kg for the. adjusted and unadjusted diets, respectively). 
%e pig did from an unknown cause in  rial 2. 
'P-values S .05 are reported; Lin = linear and Quad = quadratic. 
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that the performance of pigs was optimized at 
3.00 g lysinewcal DE. 
Apparent energy digestibilities were similar 
(P > .05) for the diets containing two levels of 
DE in both Trials 1 and 2 (Table 9). As lysine: 
DE ratios increased, energy digestibility of the 
diets decreased (linear, P <: .001; cubic, P c 
.05) in Trial 1 but increased sharply with the 
initial increment of 1ysine:DE ratio, followed 
by a gradual decrease with subsequent in- 
creases in Trial 2 (quadratic, P < .01). 
Apparent protein digestibility increased as DE 
(P < .05) and 1ysine:DE ratios (linear, P = .07; 
quadratic, P < .06) increased. 
Regression Analyses 
General. The relationships between the rate 
and efficiency of weight gain and 1ysine:DE 
ratios are presented in Figures 1 and 2. The 
linear (P .W1) and quadratic (P < .01) terms 
of 1ysine:DE ratios were significant variables 
in predicting the rate and efficiency of weight 
gain in both experiments. Inclusion of DE 
concentrations, however, did not improve the 
regression models in Exp. 1. Regression 
coefficients for the independent variables be- 
tween Exp. l and 2 were homogeneous (P > 
.05). Likewise, there was no difference (P > 
.05) in regression coefficients between gilts 
and barrows. Therefore, the common regres- 
sions from the pooled data were developed to 
describe the relationships. 
Rate and Eflciency of Weight Gain. Weight 
gain increased with increases in 1ysine:DE 
ratios up to 3.00 or 3.20 g/Mcal and tended to 
decrease slightly at higher lysine concentra- 
tions (Figure 1). Similarly, gah:DE intake 
TABLE 8. EFFF!€T OF VAFUOUS LYSINE TO DIGESTIBLE ENERGY RATIOS 
AND DIGESTIBLE ENERGY LEVELS ON PERFORMANCE AND BACKFAT THICKNESS 
IN PIGS WEIGHING 20 TO 50 KILOGRAMS @XI'. 2)ab 
1.90 3.25 
3.75 
2.50 3.25 
3.75 
3.00 3.25 
3.75 
3.40 3.25 
3.75 
3.70 3.25 
3.75 
3.90 3.25 
3.75 
2,004 
1,761 
1,93 1 
1,720 
1,939 
1,678 
1,931 
1.800 
1.991 
1,695 
1,891 
1,655 
6.512 
6.604 
6.278 
6.453 
6.302 
6.291 
6.277 
6.748 
6.467 
6.353 
6.147 
6.20 1 
12.33 
12.56 
15.72 
16.10 
18.93 
18.85 
21.32 
22.92 
23.99 
23.51 
23.95 
24.18 
684 
730 
756 
835 
835 
855 
840 
889 
848 
85 3 
81 1 
85 0 
.341 
.413 
.391 
,486 
.432 
S10 
.436 
.499 
.428 
,504 
.428 
.517 
105.0 55.5 16.4 
110.4 58.0 17.4 
120.3 48.2 15.2 
129.7 51.8 15.9 
132.8 44.3 14.2 
135.8 45.3 14.7 
134.2 39.4 13.1 
133.2 39.1 15.0 
131.8 35.8 13.6 
134.2 36.3 14.2 
131.9 33.7 13.7 
137.9 35.4 14.1 
Lys:DE 
LiXl 
Quad 
DE 
Lys:DEx trial 
cv. % 
- - .&I1 .001 .001 .001 .003 .003 
- - - .001 .014 .009 - - - - - .001 - - .005 .001 
.020 .015 .012 - - - - - 
7.72 7.74 8.18 8.30 7.10 7.1 1 6.83 9.54 
%ys:DE = lysine to digestible energy ratio, FI = feed intake, DEI = digestible energy intake, LysI = lysine intake, 
WG = weight gain and BF = backfat thickness. 
h i t i a l  weights were 21.6 and 21.7,20.9 and 21.2,21.5 and 21.1,21.7 and 21.2, 22.1 and 21.4, and 21.5 and 21.3 kg 
for 1.90, 2.50, 3.00, 3.40, 3.70 and 3.90 g LysMcal DE, respectively; f d  weights were 51.0 and 49.7, 50.1 and 51.1, 
49.6 and 50.7, 5.13 and 50.6, 49.5 and 49.9 and 51.0 and 49.9 kg for 1.90, 2.50, 3.00, 3.40, 3.70 and 3.90 g Lys/Mcal 
DE, respectively. 
'Both initial and final weights were included in the model as covariates. 
dEight individually fed pigs/diet. 
CP-values 5 .05 are reported; Lin = linear and Quad = quadratic.  
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increased up to 3.00 or 3.20 g lysine/Mcal DE, 
and there was no further increase at higher 
levels of lysine pigwe 2). The results 
indicated that the pigs responded to a higher 
1ysine:DE ratio than that recommended by the 
NRC (1988) for pigs weighing 20 to 50 kg 
(2.21 glMcal, or .75% of the diet). 
It has been suggested that the potential for 
lean tissue growth in pigs S 50 kg may lie 
beyond the upper limit of their appetites (SCA, 
1987). In the present experiments, pigs were 
housed and fed individually in environmental 
conditions that may have enabled them to 
express their potential fully. In addition, the 
amino acid balance of the basal mix was 
adequate in terms of the “ideal protein,” 
described by the ARC (1981), and the balance 
suggested by the NRC (1988). Although the 
proportions of leucine, phenylalanine + tyro- 
sine and arginine were higher than those 
suggested, it is unlikely that the excess of 
these amino acids affected the performance of 
pigs (Cromwell et al., 1982; Southern and 
Baker, 1982; Anderson et al., 1984). There- 
fore, the desirable balance of amino acids may 
have contributed to the response of pigs to 
higher levels of amino acids than those 
suggested by the NRC (1988). 
8 0 0  
.. 
8‘ 
0. 
8’ 
i 
i 
500  
E x p .  1 
E x p .  2 
Predicted -.- 
4 ‘  . 
1.00 1 .40  1.80 2 . 2 0  2 . 6 0  3 . 0 0  3 . 4 0  3 . 8 0  
Lys:OE. g:Mcal 
Figure 1. The relationship between weight gain (WG) 
and lysine (Lys) to digestible energy (DE) ratio (Lys:DE) 
in pigs weighing 20 to 50 kg. The equation was as follows: 
WG = -1,012.1 + 453.2ays:DE) - 69.5(Lys:DE)* + 
1 4 . 9 0  + 1 6 . 2 0  (n = 239; Sy.x = 83.8; R2 = .62), 
where WG is in gld, Lys:DE is in glMcal IWT = initial 
weight &g) and FWT = final weight (kg). Both IWT and 
FWT were included in the model, and their means were 
used for the regression line. Regression coefficients for the 
independent variables between Exp. 1 and 2 and between 
gilts and barrows were homogeaeous (P > .OS); thus, the 
regression h m  pooled data is presented. 
The results obtained in the present experi- 
ments were similar to the recommendations of 
the SCA (1987) for pigs weighing 20 to 50 kg 
(2.80 and 3.14 g lysine/Mcal DE for gilts and 
boars allowed to consume feed ad libitum). 
Similar 1ysine:DE values for optimum per- 
formance of gilts and barrows were reported 
by Kuan et al. (1986) and Yen et al. (1986). 
The ARC (1981) suggested that a lysine 
concentration of 3.51 g/Mcal DE is required to 
maximize the performance of pigs weighing 15 
to 50 kg. 
The trend for a slight reduction in weight 
gain observed at the highest 1ysine:DE ratios 
(Figure 1) is similar to the results of Cooke et 
al. (1972a,b), Taverner et al. (1977) and 
Campbell et al. (1984). This growth depression 
probably was a reflection of a reduced ME in 
diets high in amino acids as suggested by Just 
(1984) and Whittemore (1985). 
Gain:lysine intake decreased linearly as 
1ysine:DE ratio increased, indicating that lysine 
is used more efficiently when its intake is 
suboptimal (Figure 2). Stahly and Cromwell 
(1987) reported similar results. Low (1985) 
observed that absorbed lysine seemed to be 
*.a*- 
./ 
EXD.  1 
E x p .  2 
Predicted -.- 
I 
1.00 1 . 4 0  1 . 8 0  2 . 2 0  2 .60  3.00 3 . 4 0  3 . 8 0  
Lyr:DE. g / M c a I  
Figure 2. The relationship between gain to digestible 
energy (DE) intake (G:DEI) and lysine (Lys) intake ( G  
LysI) and Lys to DE ratios (Lys:DE) in pigs weightng 20 
to 50 kg. The two equations were as follows: G:DEI = 
-13.75 + 68.46(Lys:DE) - 9.82(L s.DE)~ + . 1 8 0  + 
5 2 0  (n = 239; S .x = 9.5; R’ .76) and GLysI = 
75.97 - 20,04(Lys:DE$ + 1.39(Lys:DE)* - . M O  +
. 3 2 0  (n = 239; Syx = 4.4 R2 = .85), where GDEI is 
FWT = f d  weight @g). Both IWT and FWT were 
included in the model, and their means were used for the 
regression lines. Regression coefficients for the indepen- 
dent variables M e e n  Exp. 1 and 2 and gilts and barrows 
were homogeneous (P > .05); thus, the regressions from 
pooled data are presented. 
in g/Md, GLysI is in glg, IWT = initial weight (kg) and 
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retained with an efficiency approaching 100% 
when the diet was limiting in lysine. Measure- 
ments of lysine oxidation rates in rats (Brookes 
et al., 1972; Bergner et al., 1978; Simon et al., 
1978) have demonstrated that the rate of lysine 
oxidation is low when lysine intakes are low, 
indicating efficient usage of lysine, and oxida- 
tion rates increase as lysine intake increases. 
Inadequate protein (Motil et al., 1981) or 
lysine intakes (Conway et al., 1980) also have 
been shown to reduce amino acid oxidation, as 
well as whole-body protein tumover, in hu- 
mans. Similarly, an amino acid sparing action 
TABLE 9. EFFECT OF VARIOUS LYSINE 
TO DIGESTIBLE ENERGY RATIOS AND 
TWO DIGESTIBLE ENERGY LEVJ3L.S ON 
APPARENT DIGESTIBLE ENERGY AND 
PROTEIN COEpmCIwTS IN PIGS 
WEIGHING 20 TO 50 KIux;RAMs 
@xp. 2 P  
Coeffiiients 
ADEd Lys:DE, DE, 
gFrcal Mcaukg Trial1 Trial2 ADP 
1.90 
2.50 
3.00 
3.40 
3.70 
3.90 
Lys:DE 
Lin 
Quad 
Cub 
DE 
cv. 96 
3.25 
3.75 
3.25 
3.75 
3.25 
3.75 
3.25 
3.75 
3.25 
3.75 
3.25 
3.75 
.889 .735 .679 
.8% .782 .719 
.889 .818 .756 
.893 .815 .775 
.871 ,826 .765 
.876 .804 .785 
.84a .785 .739 
.850 .834 .801 
.835 .802 .757 
.823 .796 .775 
.833 .766 .740 
.849 .788 .802 - P-ValuesC - 
aLys:DE = lysine to digestible energy ratio, ADE = 
apparent digestible energy and ADP = apparent digeatible 
protein. 
h t  squares means of four and eight individually 
fed pigs per diet for ADE and ADP, respectively. 
'Weight of pigs at the week of fecal sample collection 
were included in the model as covariate (ranges: 33.5 to 
44.7 and 29.4 to 43.0 kg for Trials 1 and 2, respectively). 
d~ariances between the two trials were not homogene- 
ous (P < .OS), thus the data were presented separately. 
'P-values I; .OS are reported; Lin = linear, Quad = 
quadratic and Cub = cubic. 
in response to protein deprivation has been 
reported in rats (Schreurs et al., 1985). Reeds 
et al. (1981) reported that the rate of leucine 
catabolism was enhanced by increasing protein 
supply in pigs, indicating that the deamination 
rate of amino acids may rise with an increase 
in dietary amino acids. The increase in plasma 
urea associated with the decrease in the 
efficiency of N (Berschauer et al., 1983) and 
lysine usage (Exp. 1) support this contention. 
lmpllcatlons 
The results demonstrate the need to adjust 
amino acid concentrations according to 
changes in energy content of the diets. Pig 
performance was relatively consistent at vari- 
ous dietary energy contents when amino acid 
to energy ratios were maintained, indicating 
that expressing amino acid concentrations 
relative to digestible energy is appropriate for 
pigs weighing 20 to 50 kg. In addition, the 
results indicate that the performance of pigs 
was maximized at approximately 3.00 g lysine/ 
Mcal of digestible energy (49 g of balanced 
protein/hlcal of digestible energy) when lysine 
was supplied by corn and soybean meal. This 
estimate is considerably higher than current 
North American recommendations. 
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